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1. Introduction

A CoMP work item was approved at RAN #53 covering both DL and UL aspects [1]. For UL CoMP a set of cooperating points jointly receive UL data transmission from a UE. Alternatively, the cooperating set may coordinate their scheduling and precoder selection decisions to facilitate improved reception at one point in the cooperating set. In comparison to single node reception, joint reception may also require that the UE is UL-synchronized to some or all points constituting the UL cooperating set. This contribution investigates the need for enhancements to the Rel-8/9/10 timing advance mechanism to support synchronization in UL CoMP. 
2. Discussion
UL transmissions from all UEs served by a cell must be time synchronized at the eNB to avoid performance degradation caused by inter-subcarrier interference. To achieve this, a legacy (Rel-8/9/10) network measures the UL arrival time for each UE from PRACH and UL RS transmissions. Where necessary, an appropriate timing correction is signaled to the UE through a timing advance (TA) command. Large timing corrections are performed during a RACH procedure using an 11-bit TA command in the random access response. Smaller, more frequent timing corrections are signalled in a 6-bit TA command contained in a MAC control element. For UL CoMP involving some level of coordination between multiple points, the TA command should take into account the points that constitute the cooperating set. In this contribution we focus on geographically dispersed nodes, e.g. CoMP scenarios 3 and 4, since these cases may require different UL TA commands. The required timing advance is such that transmissions from all UEs in a cell arrive at the eNB within the cyclic prefix TCP of an SC-FDMA symbol. 
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Figure 1 UL Arrival Timing at multiple reception points
Figure 1(a) shows a deployment of a macro (Point 0) and two low power picos (Points 1 and 2) within the coverage area of a macro (CoMP scenarios 3 and 4). Assume that Point 0 is the reference point and reference system timing. The TA command is determined by Point 0 even though it can be seen that the minimum UE-point distance is to Point 1. Figure 1(b) shows the DL arrival times at the UE based on the DL propagation delay Tprop, i for the ith point. Assuming equal DL and UL propagation delays the arrival time at the ith point when the TA command is derived only from Point 0 DL timing is given by
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The two cases illustrated by arrival times at points 1 and 2 may result in performance degradation depending on the maximum channel delay spread τmax. When Tprop, i ≥ Tprop, 0 performance degradation can be avoided if Tprop, i + τmax is less than the CP length. On the other hand if Tprop, i < Tprop, 0 performance degradation may occur. If the 3 points form a cooperating set for joint reception, performance degradation at each point is minimized if the arrival time satisfies Tarr,i + τmax ≤ CP length for the ith point. Therefore, the TA command that is signalled to the UE must be a value such that the condition above is fulfilled for each member of the cooperating set. Equivalently, this could be one criterion for selecting the members of a cooperating set for a specific UE. To determine the cooperating set the network needs to obtain UL timing measurements for each point. We consider two options for obtaining the appropriate TA command.

2.1.1. UE based measurement

The UE measures DL timing for each reception point based on CRS or CSI-RS. CRS is possible when each point has a unique cell ID (Scenarios 2 and 3). For Scenario 4, where each point within a macro coverage area shares the same cell ID, different CSI-RS patterns can be configured for the UE, where each pattern is used to measure DL timing at the UE. The UE could report the timing offset with respect to a reference DL timing e.g. the received timing of the macro. There are several disadvantages to this approach, namely:

· It assumes tight transmit synchronization at all points in the cooperating set. 

· Requires new measurement parameters for the UE. 
2.1.2. Network based measurement

Each reception point measures its required TA based on PRACH and/or SRS/DMRS. The network determines the cooperating set and issues a common TA command to the UE that satisfies the arrival time requirements for each point in the cooperating set. One merit of this approach compared to UE-based measurement is that TA measurements are based on existing mechanisms. 
The specification impact includes:

1) PRACH: the UE is configured for non-contention based RACH using a dedicated PRACH preamble. This is advantageous for Scenario 4 where all points share the same cell ID because the TA computation is transparent to the UE. It is also applicable for Scenarios 2 and 3 if all points coordinate their preamble selection.

2) SRS: the UE can be configured with different SRS configurations corresponding to each reception point. Both periodic/aperiodic SRS transmission should be further studied for this purpose. For the simulation assumptions defined in [3] the macro (pico) channel model is ITU UMa (UMi) respectively. For scenario 3, assume the UE is at the minimum distance of 10m to a pico-cell and the inter-site distance to the macro from pico is roughly the macro cell radius of ~288m. The TA commands from UE to pico and macro are, respectively, 0.067us and 1.92us. These value ranges can be adequately handled by the 6-bit TA commands when the UE is in RRC connected mode. 
3. Conclusion

· This contribution studied possible enhancements to timing advance commands in support of UL CoMP. In summary
· The TA command should satisfy arrival time requirements at each reception point in the cooperating set.

· UL timing alignment measurements are needed to compute a common TA command.

· UL timing measurements can be obtained from existing UL signals including 
· Non-contention based RACH to each reception point.

· SRS and DMRS measurements 
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